Objective: To evaluate the incidence of cervical angiopathy caused by radiation therapy for head and neck cancer. Methods: Segments of 57 cervical arteries were obtained during surgery for head and neck malignant tumors and divided into two groups (irradiated group and non-irradiated group) based on the treatment prior to vascular resection. In order to evaluate vascular injury after radiation therapy, we examined the degree of medial atrophy, medial fibrosis, smooth muscle cell (SMC) differentiation in the media and intima, intimal hyperplasia and endothelial cell (EC) injury. Sections of arterial segments were stained with hematoxylin-eosin, Elastica van Gieson and Masson's trichrome, and immunohistochemistry for α-smooth muscle actin (α-SMA), smoothelin, S100A4 and CD31 in the resected vessels was conducted. Results: The median interval between the completion of radiation therapy and vascular resection was nine months. No significant differences were observed between the two groups in terms of medial atrophy, medial fibrosis and intimal hyperplasia. The ratio of the smoothelin-positive area per α-SMA-positive area in the media and the S100A4-positive proportion in the intima, indicating the degree of differentiation of the medial SMC and dedifferentiation of the intimal SMC, respectively, showed no significant differences, despite the tendency toward a lower smoothelin-positive area per α-SMA-positive area in the media of the irradiated arteries. The EC coverage revealed on CD31 immunohistochemistry was significantly decreased, with mural thrombus adhesion, in the irradiated group. Conclusions: The ECs of small arteries are damaged by irradiation. Although we did not confirm the statistical significance of medial SMC dedifferentiation, a decreased expression of smoothelin tended to be N. Uwa et al.
Introduction
Radiotherapy and/or chemoradiotherapy are often conducted as the initial treatment for head and neck cancer, with a focus on achieving functional preservation. However, in cases in which the tumors are not successfully treated with these approaches, the patient may be exposed to various postoperative complications after salvage surgery [1] . Moreover, in many cases of advanced head and neck cancer, microvascular free tissue transfer is essential for performing functional reconstruction after tumor resection. Although this technique is reliable for achieving head and neck reconstruction, with a success rate of 90% -99% [2] , necrosis of the transferred tissues, a severe complication of this procedure, may occur in cases involving occlusion of the anastomotic vessels. In the setting of microvascular anastomosis, the irradiated vessels reportedly display an increased incidence of thrombosis [3] , whereas other reports have suggested that previous radiation therapy has no effect on the success rate for microvascular reconstruction [4] [5] . Therefore, the influence of radiotherapy on cervical vascular anastomosis has not yet been fully elucidated. In this study, immunohistochemistry for α-smooth muscle actin (α-SMA), smoothelin, S100A4 and CD31 was performed to evaluate the incidence of radiation angiopathy. It is known that α-SMA is widely expressed in vascular smooth muscle cells (SMCs) at various degrees of differentiation. On the other hand, smoothelin is expressed in a subset of differentiated SMCs [6] , and S100A4 is expressed in dedifferentiated SMCs [7] . Additionally, CD31 is an established marker of vascular endothelial cells (ECs). For the purpose of improving the safety and clinical outcomes of treatment for head and neck cancer, we pathologically evaluated cervical vessels resected during head and neck surgery and examined the influence of irradiation on the cervical vessels.
Materials and Methods

Cases
Among cases of head and neck surgery performed at Hyogo College of Medicine in the period from May 2012 to August 2014, we resected recipient vessels for microvascular anastomosis or dissected segments of the vessels for malignant tumor resection in 62 cases. Of the 62 cases, we examined 57 cases (49 males, eight females; age range: 33 to 89 years old) for which accurate pathological findings were available. The primary tumor site was the hypopharynx in 18 cases, oral cavity in 13 cases, larynx in six cases, thyroid in five cases, esophagus in five cases, oropharynx in four cases, nasopharynx in two cases, nasal cavity in one case and sublingual gland in one case. Two cases of primary unknown neck cancer were included.
The vessels were thoroughly and carefully resected. The resected vessels were the superior thyroid artery in 32 cases, facial artery in 17 cases, lingual artery in four cases, transverse cervical artery in three cases and maxillary artery in one case. Of the 57 cases, the resected vessels in 11 cases were located within the irradiation field for previous radiotherapy. Based on the information for the anatomical sites and radiotherapy, the absorbed dose in the resected vessels was calculated and determined by both an otolaryngologist and radiation oncologist.
All patients provided their written informed consent. The ethics committee of our hospital granted approval for this study (approval number 1778).
Histological and Immunohistochemical Examinations
Segments of the cervical artery removed via surgery were fixed with 10% buffered formalin and embedded in paraffin. The specimens were cut into 3-μm-thick sections and stained with hematoxylin-eosin (HE), Elastica van Gieson (EVG) and Masson's trichrome (MT). The following mouse monoclonal antibodies were used for immunohistochemistry: anti-α-SMA (clone 1A4, DAKO, Glostrup, Denmark, 1:500 dilution), anti-smoothelin (clone R4A, produced by the Department of Genetics and Cell Biology, University of Maastricht, 1:10 dilution) [8] , anti-S100A4 (clone 4B4 produced by the Department of Pathology and Immunology, University of Geneva, 1:20 dilution) [7] and anti-CD31 antibodies (clone JC70A, DAKO, 1:300 dilution). Heat-induced epitope retrieval was routinely performed. The sections were stained using an automated staining system (BOND-MAX-III, Leica Microsystems GmbH, Wetzlar, Germany). A morphometrical analysis was performed using the Image Analyze System equipped with a digital camera (Microscope System DP71. Olympus Co., Tokyo, Japan) and software program (Winroof, Mitani Co., Fukui, Japan) in each case.
The ratio of the medial thickness per total wall thickness on EVG and the blue-stained area on MT per medial area in each high-power field (×400) were evaluated as indicators of medial atrophy and medial fibrosis, respectively. The ratio of smoothelin-positive area per α-SMA positive area in the media was also calculated as an indicator of the medial SMC phenotype. In order to examine the degree of intimal hyperplasia of the cervical arteries, the ratio of the maximum intimal thickness per thickness of the underlying media was calculated using EVG. Immunohistochemistry for S100A4 was performed to detect the dedifferentiated SMC population in the intima. The highest S100A4 expression area per intimal area in each high-power field (×400) was calculated. Moreover, immunohistochemistry for CD31 was applied to evaluate the degree of luminal EC coverage. The EC coverage was classified into three grades: more than 2/3 of luminal EC coverage as Grade A, less than 1/3 as Grade C and between Grade A and Grade C as Grade B (Figure 1) .
The histological and immunohistochemical examinations were conducted by a pathologist (H.H.) and otolaryngologist (N.U.) without any clinical information for the specimens.
Statistical Analysis
Continuous variables are summarized as the mean and standard deviation and categorical variables are expressed as frequencies with proportions. Continuous, unordered and ordered variables were compared using the t-test with Welch's correction, Fisher's exact test and the Mann-Whitney U test, respectively. All p values were two-sided, and a p value of <0.05 was considered to be statistically significant. The statistical analyses were performed using the R program (version 3.1.1).
Results
The 57 patients were divided into two groups, the irradiated (IR, n = 11) and non-irradiated (non-IR, n = 46) groups, according to the previous therapy prior to vessel resection. The absorbed dose in the resected vessels in the IR group was 50.3 to 72.9 Gy, with a mean dose of 61.8 Gy. Seven patients (63.6%) underwent radiotherapy with concurrent intravenous chemotherapy, whereas four patients (36.4%) received radiotherapy alone. The interval between the completion of radiotherapy and vascular resection was one to 108 months, with a median interval of nine months.
The clinical characteristics including atherosclerotic risk factors were compared between the IR and non-IR groups, and there were no significant differences between the two groups ( Table 1 ). Although the IR group and non-IR group showed similar medial thickness and fibrosis proportion values ( Table 2) , a tendency toward a lower smoothelin-positive area per α-SMA-positive area in the media was observed in the IR group (Table 2 and Figure 2) . Few S100A4-positive cells were observed in the media of the IR group. The degree of intimal hyperplasia and S100A4-positive proportion in the intima showed no significant differences between the two groups ( Table 2) . Although more than 2/3 luminal EC coverage was observed in most cases in the non-IR group (44/46), specimens with less than 2/3 EC coverage were predominantly identified in the IR group (7/11, Table 2 ). A lack of EC coverage (Figure 3(a) ) induced mural thrombus formation (Figure 3(b) and Figure 3(c) ) in almost half of the IR group arteries (6/11, 54.5%). The thrombus consisted of various components, such as fibrin and platelet. There were no signs of artery occlusion due to thrombus formation in the specimens. 
Discussion
A previous pathological study of radiation angiopathy using scanning electron microscopy demonstrated thickening of the vascular wall and intimal injury in irradiated arteries [9] . In addition, Schultze-Mosgau et al. [10] observed hyaline deposition and medial atrophy in patients who underwent radiotherapy with an absorbed dose of 60 -70 Gy. Furthermore, irradiated mice gradually develop intimal thickness over time [11] , and individuals treated with radiotherapy more than five years previously have a significantly higher rate of carotid artery stenosis than those with less than five years of follow-up [12] . Although the present study showed no significant differences between the IR and non-IR groups with regard to medial atrophy and fibrosis, the distribution of differentiated SMC in the media showed a tendency to be lower in the IR group, without statistical significance. This result may be derived from the relatively small number of cases in the IR group, and we believe that a larger number of cases in the IR group would have resulted in a significant difference. The phenotypic modulation of SMCs without atrophy and fibrosis of the media in the IR group may be correlated with the short interval between the completion of radiotherapy and vascular resection. There were no significant differences in the intimal thickness or distribution of the dedifferentiated SMC population in the intima between the two groups, yet the EC coverage was significantly decreased in the IR group. Angiopathy is mainly considered to be a delayed type of radiation injury. Small arteries are fairly rigid structures in comparison to capillaries and arterioles, and thus early changes after irradiation tend to be less pronounced [13] . However, it is also known that ECs are sensitive and damaged in the initial process of radiation-induced angiopathy [13] - [15] . Furthermore, Menendez et al. [16] reported that endothelial damage occurs almost immediately after irradiation by decreasing the synthesis of endothelial nitric oxide, which protects the vascular wall. Medial atrophy, intimal thickening and fibrosis of the vascular wall are considered to occur thereafter. This study clearly shows that radiation therapy for head and neck cancer is responsible for the initial changes associated with radiation angiopathy, as confirmed based on the lack of CD31-positive ECs with mural thrombus adhesion. Further examinations should be conducted with an increased number of patients and a longer interval. This makes it possible to evaluate the degree of SMC differentiation during the development radiation angiopathy. Gradual neovascularization of the recipient bed may be expected after microvascular free tissue transfer [17] . Therefore, preventing thrombosis during the postoperative acute phase is of greatest importance in the clinical setting. Various factors, including the surgical skills of the surgeon, vascular diameter and vascular flow, contribute to the success of microvascular free tissue transfer. In addition to these risk factors, the current study shows that irradiation may be a risk factor for thrombosis. Therefore, in patients with a history of radiation therapy, careful surgery and the administration of appropriate medications for preventing vascular occlusion play an important role in achieving successful microvascular anastomosis.
Conclusion
In this study, a significant decrease in EC coverage was observed in the irradiated cervical vessels. By providing information about the influence of irradiation on cervical vessels, the current findings may contribute to improving the surgical safety of microvascular anastomosis as well as determining the treatment strategy.
